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The epidermis of the metatarsal skin of em-
bryonic chicks, begins to undergo keratinization
at about the 13—14th day of incubation (1, 2).
During this process the epidermis increases in
thickness from 2—3 to 6—10 cell layers, and at
about the 18th day the end product of keratini-
zation, the stratum corneum appears.
Fell (3) demonstrated that when this meta-
tarsal skin was grown in organ culture on a
plasma-embryo extract clot, the epidermis pro-
liferated and keratinized; the addition to the
medium of excess of Vitamin A inhibited kerati-
nization, but the synthesis of mueopolysaceha-
ride continued, so that the epidermis underwent
a mucous metaplasia. In an electron micro-
scopical study, Fitton Jackson and Fell (2)
found that in the presence of Vitamin A, the
basal cells of the epidermis lost their character-
istic cytoplasmie filaments, thought to represent
the initial stages of keratinization, while the
superficial cells developed micro Villi and formed
mucous globules.
To understand the synthesis of epidermal pro-
tein, its relationship to keratinization and the
action of vitamin A on keratinization and epi-
dermal metabolism, a biochemical investigation
of the cultures is needed. Before such a study
can be made, however, it is necessary to develop
a method for growing the skin of a chemically
defined medium and to find some way of pre-
venting the rapid deterioration of vitamin A
that normally occurs in a protein-free solution.
In the present experiments, the metatarsal skin
from 13-day embryos was grown in a chemically
defined medium based on that of Wessells (1);
the skin keratinized in this medium and also
gave the characteristic response to excess of
vitamin A.
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MATERIALS AND METHODS
Medium
The medium BCJ developed by Biggers, Gwat-
kin and Judab (4), was modified to include amino-
acids, salts and vitamins in various concentrations
as suggested by Wessells (1); stock solutions No.
7 and No. 8, phenol red and antibiotic were
omitted. The final composition adopted is given in
Table 1. In this paper the medium has been termed
'BCJ-modified' (BGJ-M).
At first, the vitamin A alcohol or acid (Roche
Products Ltd.) dissolved in ethanol (0.05%) was
added directly to the medium to give a concen-
tration of 5—30 lU. ml medium, but in later experi-
ments the vitamin was added to 0.5% purified
serum albumin in BGJ-M; this solution was then
diluted with BGJ-M to obtain media with 5—30 lU.
vit. A/ml and 0.05% protein. Ethanol or ethanol
and protein in similar concentrations were added
to the medium of the control cultures.
Tissues
The metatarsal region was removed from the
legs of 13-day embryos; the skin was dissected off
in Tyrode's solution, freed from all loose tissue and
cut into sections about 2 mm square.
The culture vessel (5) consisted of a fiat-bot-
tomed dish, 3 em in diameter and 1.0 em in height,
in which was placed a square table of stainless
steel mesh 2.0 mm in height and 2.0 em in width.
When 1.5 ml of medium was pipetted into the
dish, the surface of the fluid was on a level with
the grid. Two of these dishes, separated by a sili-
coned glass rod, were enclosed in a petri dish car-
peted with absorbent cotton wool saturated with
normal saline. The fragments of skin were trans-
ferred to BGJ-M, and with the aid of a cataract
knife and needle, arranged on squares of rayon
acetate cloth according to Shaffer's method (6).
Two to four of the squares were then laid on each
stainless steel grid. The petri dishes were stacked
in a dessieator jar, aerated for 4 minutes with a
mixture of 20% O, 75% N2 and 5% C02, and
the sealed dessieator was placed in an incubator at
37°. After 48 hours, the original medium was re-
placed by fresh medium and the cultures were re-
turned to the incubator (7).
Histology
The explants, or rayon, were fixed in 3% acetic
acid-Zenker's fluid for 30 minutes followed by
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TABLE I
Composition of BGJ-M media
I. Amino acids
Zenker's fluid without acetic acid for 1 ½ hours.
They were washed for 2—3 hrs. in tap water, left
in 70% ethanol overnight and were dehydrated in
ethanol; the rayon was dissolved away in acetone,
the tissue was cleared in several changes of methyl
benzoate and embedded in paraffin wax.
Serial sections were cut at 7 t, and stained with
Delafleld's hematoxylin and chromotrop, Ann,
alcian blue or tbe periodic acid Schiff reaction
(PAS) with and without diastase digestion, fol-
lowed by Mayer's acid hemalum.
RESULTS
The explants grow well in BGJ-M, and mito-
sis was present in the epidermis at all stages of
cultivation, the maximum period being 11 days.
The initial experiments, in which the vitamin
A alcohol was added directly to the medium,
were unsuccessful, but when the vitamin was
added in a protein solution (see section on Ma-
terial and Methods), a hypervitaminotie A ef-
fect was produced. The best results were oh-
tamed with vitamin A acid, 1.5 flg/ml medium,
in 0.05% protein solution. Figs. 1—6 illustrate
the cbanges in the epidermis caused by vitamin
A after 4, 6 and 8 days' cultivation respectively.
After 4 days, the epidermis of the control
explants (Fig. 1) resembled that of the normal
embryo at comparable age; with columnar
basal cells, several intermediate cell-layers and
normal intact subperiderm and granular pen-
derm. In the vitamin A-treated skin (Fig. 2)
changes had already appeared; the number of
cell layers was fewer than in the controls, the
basal cells were shallower, and the periderm
was extremely thin.
In the 6 day controls (Fig. 3), the basal cells
had lost their normal columnar structure, but
the intermediate and spinous layers appeared
normal and a stratum corneum could just be
detected. In the explants exposed to vitamin A
(Fig. 4), the epidermis was only 2—3 cell layers
mg/L
L-arginine HC1 15)
L-eysteine HCl 150
L-eystine 15
L-glutamine 150
L-histidine HC1 150
L-isoleueine 30
L-leueine 50
rng/L
L-lysine HC1 240
L-methionine 150
L-phenylalanine 50
L-threonine 75
L-tryptophan 40
L-tyresine 40
L-valine 65
II. Vitamins
p-Amioobenzoie acid 2.0
Ascorbic acid 17.5
Biotin 0.2
Choline Cl 250
Folie acid 0.2
m-Inositol 0.2
Nieotinamide 20.0
Ca pantothenate 0.2
Pyridoxal phosphate 0.2
Riboflavin 0.2
Thiamine HCl 4.0
2-Toeopherol phosphate (sodium) 1.0
Vitamin B-12 0.04
III. Salts
Calcium lactate 555
Ferrous sulphate 71T20 0.5
Cobalt ebloride 0.1
Copper sulfate 0.5
Magnesium sulphate 71120 200
Potassium chloride 530
Sodium bicarbonate 3500
Manganous sulfate H20 0.5
Sodium chloride 8000
Potassium dihydrogen phosphate 160
Zinc sulfate 7H20 0.3
Ammonium permolybdate 0.2
Miscellaneous
D-gliiecse 5000 Clutathione (red) 15.0
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All explants were grown in chemically defined medium BGJ-M and 0.5 mg purified serum
albumin/mi.
Sections were stained by the periodic acid Schiff method after diastase digestion, (PAS-D)
and counterstained with Mayer's acid hemalum. Magnification X 372.
FIG. 1. Control explant of metatarsal skin from a 13-d. embryonic chick, after 4 days'
cultivation. Note the columnar basal cells of the epidermis, several layers of intermediate
cells and the peridermal layers (p).
FIG. 2. Similar explants after 4 days' cultivation in the same medium as above, but with
the addition of 5 I.E. vitamin A acid/ml. The epidermis has only 2—3 layers of cells; the
basal layer is cuboidal instead of columnar.
FIG. 3. Control explant, 6 days in culture; the basal layer is somewhat disorganized.
FIG. 4. Similar explant, grown for 6 days in medium containing 5 1.11. vitamin A acid/ml;
the effect of the vitamin is less advanced in the epidermis at the extreme left of the
photograph.
FIG. 6. Similar explant, 8 days in medium containing 5 1.11. vitamin A acid/ml.
in thickness, and the superficial cells now
stained with alcian blue and with PAS after
diastase; in some areas (Fig. 4) the effect was
less pronounced.
Between the 6th and 10th day (Figs. 5, 6),
the explants underwent little further change,
except that in the controls the stratum corneum
became progressively thicker and the periderm
was shed. Even after 10 days there was no sign
of keratinization in the vitamin A-treated ex-
plants, and the epidermis contained material
that stained with alcian blue and with PAS after
diastase digestion.
DISCUSSION
That excess of vitamin A can alter the syn-
thetic pathway in certain epithelia, from the
formation of keratin to the production of a
mucous secretion, is well established by the
early work on embryonic chicken skin grown
in natural medium (3, 5, 5, 9) and later studies
on mammalian epithelia (9, 10, 11, 12). The
action of the vitamin seems to halt the step-
wise process of keratinization and at the same
time promote the synthesis of mucopolysaccha-
rides.
The present study has shown that a similar
/PAS-D
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response to vitamin A can be obtained in em-
bryonic chicken skin grown in a chemically de-
fined medium; keratinization is inhibited and
the formation of mucous material, as indicated
by the staining reactions of the cells, is pro-
moted. To obtain this effect, it was necessary to
introduce a small quantity of purified albumin
(0.05%) into the medium as a carrier for the
vitamin; Lasnitski (11), investigating the action
of vitamin A on vaginal epithelium in a chem-
ically defined medium, found that a serum car-
rier was needed.
The electron mierographs of Fitton Jackson
and Fell (2) indicate that in embryonic chicken
skin in culture, hypervitaminosis A causes a
reduction of the elements of keratinization, tono-
filaments and tonofibrils. This effect may be due
to the action of vitamin A on the lysosomal
membranes causing the release of lysosomal
protease (13, 14) and consequent solubilization
of the fibrous proteins. This hypothesis would
be consistent with recent findings that insoluble
epidermal proteins can be solubilized by the
proteolytie enzymes trypsin and ehymotrypsin
(15—16), though different proteolytie enzymes
would of course be involved in lysosomal action
in the living cell. As Fitton Jackson and Fell (2)
point out, however, the decrease in fibrous ele-
ments might be due, not to digestion by lyso-
somal protease, but to an inhibition of the syn-
thesis of the basic protein molecules or of tbeir
aggregation into tonofilaments; alternatively
several of these mechanisms may be concerned.
The ability to investigate the action of vita-
min A on the embryonic chicken epidermis in a
chemically defined medium, should facilitate the
experimental study of the interrelationship be-
tween epidermal proteins and keratinization. Al-
terations in keratinization in response to vita-
min A should be reflected either in the inhibition
of epidermal protein synthesis or in the presence
of more soluble protein, easily distinguished from
albumin, resulting from structural changes in the
fibrous eytoplasmie material of the epidermal
eells.t
SUMMARY
1. The metatarsal skin of 13-day embryonic
chicks has been successfully cultivated in a
t The author thanks Prof. Dame H. B. Fell, Drs.
S. Fitton Jackson and James W. Dodson for valua-
ble assistance helpful in the completion of this
work.
chemically defined medium for periods of up to
11 days; the epidermis became differentiated
and keratinized.
2. Vitamin A added to the medium in a con-
centration of 1.5 ig/ml, in a purified albumin
carrier (0.05%), inhibited keratinization and
promoted the synthesis of mueopolysaecharide.
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